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Abstract
Proposing a new solution to problems of the hierarchy and smallness
of the cosmological constant using the Tev scale of the Standard Model
in a new framework of the higher-order gravity.
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The theory of higher derivative gravitation, whose action contains terms
quadratic in the curvature in addition to the Einstein term, is a renormalizable
field theory 1−7, but it is not free defect. This theory gives rise to unphysical
poles in spin-two sector of the tree- level propagator which break the unitarity.
On the other hand, induced gravity program with fourth –order gravitational
theories 8−12 that does not contain dimensional coupling constants and the
unphysical ghosts, but in such theories Newton’s constant is not calculable and
is a free parameter 13.
In this note we present an example of the quantum gravity with the higher
curvature which is ghost-free.
We show that the gravitational strength and other observed fundamental
interactions are the consequence of one fundamental dimension scale about
103 Gev , which is vacuum expectation values the Higgs fields v=Mεw ≈ 103Gev
of the Standard Model. This is a new solution to the well-known hierarchy prob-
lem in physics.
We proposed also a solution of the vacuum energy density which depends of
the Tev scale and the coupling constants higher order curvature terms (in the
frame new R2-gravity).
1
Throughout, units have been chosen such that c = ℏ = 1.
Let us start with the action
S =
∫
d4x
√−g[− ǫ
2
(
v2 − Φ+Φ)R+ aW − b
3
R2− (1)
−1
2
(DµΦ)
+
(DµΦ)− f (Φ+Φ− v2)2] + Ssm,
where Ssm is a part of the action Standard Model for gauge fields and the
fermion fields.
Spin zero doublet 14 the Higgs field is Φ, the Weyl termW isW = R2µρ− 13R2,
where Rµρ is the Ricci tensor and R is the scalar curvature. In the action (1)
ǫ, a, b and f are dimensionless coupling constants.
The term in the action (1) − 12ǫv2R
√−g is the Einstein term, where we
have rule ǫv2 =M2p andMp = (8πG)
−
1
2 ∼ 1018Gev is the reduced Planck mass,
so the Newton constant G is not a fundamental constant.
The higher-curvature terms in the action (1) will have little effect at low
energies compared to the Einstein term. At the lowest energy, only− 12ǫv2R
√−g
is important to the current experimental tests of Newton’s law 15 that does
not contradict with coupling constants a and b have value: a ≈ b ∼ 1060 .
The current experimental constraints from sub-millimeter tests to corrections
of higher-curvature terms 16,17to the Newtonian potential, give for dimensionless
constants a and b bounding a, b < 1062.
The field equations for metric gµσ and the Higgs field Φ following from
the action (1) have solutions g
(0)
µσ = ηµσ is the Minkowski metric as the met-
rical ground state and nontrivial Higgs field ground state is (Φ+Φ)0 = v
2 ≈
(103Gev)2.
The standard way in perturbative theory one writes the metric as gµσ =
ηµσ+ h˜µσ. In the unitarity gauge Higgs field takes the form, avoiding Goldstone
bosons, we set
Φ =
(
0
v + ϕ
)
, (2)
where the real scalar field ϕ(x) describes the excited Higgs field connected
with the Higgs particle.
The part of the action (1) quadratic in the fields h˜µσ and ϕ can be written
as
S =
∫
d4x[ǫvϕR(1)(h˜) + aW (h˜)− b
3
(R(1)(h˜))2 − 1
2
∂µϕ∂
µϕ− 8fv
2
2
ϕ2], (3)
where the Ricci tensor R
(1)
µσ (h˜) and the scalar curvature R(h˜) can be written
in a linearized form
R(1)µρ (h˜) =
1
2
(h˜µρ − ∂µ∂σh˜σρ − ∂ρ∂σh˜σµ + ∂µ∂ρh˜), (4)
2
R(1)(h˜) = (h˜− ∂ρ∂σh˜ρσ) (5)
and W (h˜) is:
W (h˜) = (R(1)µρ (h˜))
2 − 1
3
(R(1)(h˜))2. (6)
In the expression (3) for the fields h˜µρ and ϕ has the unwanted mixed term
:
ǫvϕR(1)(h˜).
We can be rid of this term making the following redefined field
h˜µρ = hµρ +
ηµρv
4ǫ
−1ϕ. (7)
We find that the terms R(1)(h˜) and W (h˜) take the forms :
R(1)(h˜) = R(1)(h) +
3v
4ǫ
ϕ (8)
and
W (h˜) =W (h) (9)
we will not keep total derivative term in eq.(9).
Putting expressions (8) and (9) in the action (3) we get the following condi-
tion rid of the mixed term
ǫ2 =
b
2
(10)
for gravitational constants ǫ and b.
Thus, the Planck massMp is not the fundamental scale and depends on
the coupling constant b by quadratic curvature term and the electroweak scale
v ≈ 103Gev which is the fundamental scale:
Mp = (
b
2
)
1
4 v ≈ 1015103Gev ∼ 1018Gev. (11)
As a result, expression (3) has the following form
S =
∫
d4x[aW (h) − b
3
(R(1)(h))2 − 1
2
∂µϕ∂
µϕ− 1
2
(8f − 3
4
)v2ϕ2], (12)
where (8f − 34 )v2 = m2ϕ is square mass of the Higgs particle at (8f − 34 ) > 0.
Of course, the differential operator which appears in the gravity part of
action (12) is not invertible. It is necessary to add a gauge- fixing term, in case
3
SGF = − 1
2α
∫
(∂σhσµη
µλ∂ρhρλ)d
4x. (13)
Going over to momentum space and using the projectors1,7,18 for the spin-
two P
(2)
µρλσ , spin-one P
(1)
µρλσ and the two spin-zero P
(0−s)
µρλσ and P
(0−w)
µρλσ we find
for actions (12) and (13)
S˜ = S + SGF =
1
2
∫
hµρ{k4[a
2
P (2) +
1
2α
P (1) − 2bP (0−s)+ (14)
+
1
α
P (0−w)]µρλσ}hλσd4k.
Then the propagator for the fields hλρ in the momentum space is
Dµρλσ =
2
ak4
P
(2)
µρλσ +
2α
k4
P
(1)
µρλσ −
1
2bk4
P
(0−s)
µρλσ +
α
k4
P
(0−w)
µρλσ (15)
the components projectors by P (1) and P (0−w) can be gauged away
at α −→ 0.
Ignoring the terms proportional α, we have for the propagator of the mo-
mentum space is
Dµρλσ =
2
ak4
P
(2)
µρλσ −
1
2bk4
P
(0−s)
µρλσ .
In this letter we do not discuss the possible running of the coupling constant
a, b,and f with increasing momentum.
Let us note that redefinition (7) brings the contribution
v
ǫk2
to some vertex
of the Feynman diagrams.
In this case tree-level mass of the Higgs particle is zero (which the coupling
constant f is f = 332 ). We only have quantum gravitational corrections in the
mass of Higgs particle and the vacuum energy.
According to quantum corrections we have the following form of the
vacuum energy density
ρvac ≃
3
4b
v4 < 10−48Gev4 (16)
at a ≈ b ∼ 1060 . Thus in the framework new version R2-gravity with one
scale, which is the electroweak scale v ≈ 103Gev can be also find of the solution
smallness problem of the cosmological constant.
Vacuum energy density (16) is an example of the dark energy, which counts
to about 75 per cent of the total energy density. As a result, the universe
expansion is acceleration 19.
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